The U.S. Department of Energy (DOE) provides scientific infrastructure and data archives to the international Arctic research community through a national user facility, the ARM Climate Research Facilities (ACRF), located on the North Slope of Alaska. ACRF's role is to provide infrastructure support for climate research, including Arctic research, to the global scientific community. DOE's climate research programs, with a focus on clouds and aerosols and their impact on the radiative budget, define the research scope supported by the Facility. This paper discusses the scientific infrastructure, data streams and archives, planned field campaigns, and opportunities for future collaborative research on the North Slope of Alaska.
INTRODUCTION
The U.S. DOE Atmospheric Radiation Measurement (ARM) Program operates three fixed field research sites, ARM Climate Research Facilities (ACRF), to study the effects of clouds on global climate. These primary fixed locations -Southern Great Plains, Tropical Western Pacific, and North Slope of Alaska ( Figure 1 ) -represent a range of critical climate regimes identified by ARM scientific advisory panels [1] . Sites were instrumented to gather climate data that are now freely available to the international community through a central data archive. In addition to these three fixed sites, ARM supports a Mobile Facility and an Aerial Vehicle Program. The Mobile Facility gathers atmospheric measurements similar to those at the three fixed sites for periods up to a year anywhere in the world. In contrast, the Aerial Vehicles Program supports aircraft measurements for priority scientific questions, including insitu cloud properties, aerosol size and chemical composition, and remote sensing of various parameters.
Since 1998, the North Slope of Alaska (NSA) site, with facilities in the towns of Barrow and Atqasuk, has provided measurements of cloud and radiative processes at high latitudes. These data are used to refine models and parameterizations of the Arctic cloudy atmosphere. The ACRF is available for collaborative international research for both long-and short-term projects: weeks, months, or longer. Campaigns have common research themes and extend baseline ACRF measurements. Past campaigns studied boundary layer clouds, mixed-phase Arctic clouds, and radiative heating in dry winter atmospheres. A recentlycompleted experimental campaign included instrumented aircraft. Unmanned aerial vehicles and tethered balloons are proposed for Arctic deployments in the future. Figure 2 shows the location of the two fixed ACRF facilities in Alaska. One instrument shelter, the "User Facility," in Barrow, Alaska, is shown in Figure 3 . The ACRF site in the small village of Atqasuk, located about 60 miles south of Barrow, has meteorological and radiometric instruments but does not include instruments capable of cloud-properties measurements. Two atmospheric sounding balloons are launched each day, 365 days per year, at the Barrow ACRF site. The atmospheric modeling community (operational/climate) considers routine atmospheric sounding profiles over the Arctic basin as the first order priority for improving our understanding of the processes that controls Arctic climate. Such observations are deemed critical for the recently NSFfunded Arctic reanalysis project, the results of which will form the basis for much of the Arctic system research in the coming years. This demand can be met to some degree using GPS occultation soundings, but these will provide only temperature information. Data from atmospheric soundings in Barrow have been essential to ground truth calibrations of satellite-borne sensors, including the recently-launched Atmospheric Infrared Sounding Systems aboard the NASA Aqua spacecraft.
ARM CLIMATE RESEARCH FACILITIES IN THE ALASKAN ARCTIC
Recent changes in Arctic sea ice extent have emphasized the importance of Arctic cloud studies and long-term measurements. Perennial sea ice in the Arctic has declined by more than 20% since the mid-1970's [2] , raising concerns that a threshold in the positive ice-albedo feedback may have been crossed [3] . The sea-ice extent decline and the record high melting of the Greenland ice sheet of the summer of 2007 provide further support for such a conclusion. It is critical that we come to a better understanding of the driving processes that control the change and the final state of the Arctic climate system. Recent studies suggest that sea-ice retreats, as depicted by the summer ice edge, are correlated closely to an upward trend in the downwelling, long-wave radiative flux in the Arctic spring time. Increasing downwelling long-wave flux appears to be driven mostly by increases in clouds and precipitable water vapor, thus establishing the need to better understand the contribution of clouds in this important feedback process [4] .
ROUTINE MEASUREMENTS FIGURE 4: Summary of Earth's Radiation Budget and Atmospheric Measurements Needed to Improve Cloud Representations in Climate Models
The types of atmospheric measurements needed to improve our understanding of clouds and cloud processes and to thereby enable better representations of clouds in climate models are shown in a summary graphic form in Figure 4 . Routine atmospheric measurements are made at the Barrow ACRF to support Arctic climate research and the broader goal of improved climate models. These measurements fall into five general categories: radiometric; cloud properties; surface meteorology; atmospheric profiling; and aerosols. Table 1 includes a full list of the baseline instruments routinely operated at the Barrow ACRF. Data from these instruments are accessible through the ARM Program Data Archive at www.arm.gov.
FIELD CAMPAIGNS
In addition to routine measurements at fixed sites, the ARM Climate Research Facility supports field campaigns to augment routine data acquisitions and to test and validate new instruments. Any field campaign which is proposed, planned, and implemented at one or more research sites is In 2004, the Mixed-Phase Arctic Cloud Experiment (M-PACE) was conducted using instrumented aircraft over the North Slope ACRF. The primary objective of M-PACE was to collect a data set suitable to study interactions between microphysics, dynamics and radiative transfer in mixed-phase arctic clouds. Observations taken during the 1997/1998 Surface Heat and Energy Budget of the Arctic (SHEBA) experiment revealed that arctic clouds frequently consist of one (or more) liquid layers precipitating ice. M-PACE sought to investigate the physical processes of these clouds utilizing two aircraft (an in situ aircraft to characterize the microphysical properties of the clouds and a remote sensing aircraft to constrain the upwelling radiation) over the ACRF instruments in Barrow and Atqasuk. The measurements successfully documented the microphysical structure of arctic mixed-phase clouds, with multiple in situ profiles collected in both single-layer and multi-layer clouds over two ground-based remote sensing sites.
MPACE provided surprising results. Liquid was found in clouds with temperatures down to -30°C, the coldest cloud top temperature below -40 °C sampled by the aircraft. Remote sensing instruments suggest that ice was present in low concentrations, mostly concentrated in precipitation shafts, although there are indications of light ice precipitation present below the optically thick single-layer clouds. The prevalence of liquid down to these low temperatures could potentially be explained by the relatively low ice nuclei concentrations that were measured.
A follow-on experiment to M-PACE was just completed in April, 2008. The Indirect and Semi-indirect Aerosol Campaign (ISDAC) used instrumented aircraft to make cloud and aerosol measurements of the Arctic atmosphere in spring. An important objective of the ISDAC experiment is to compare and contrast arctic cloud and aerosol properties with corresponding results from M-PACE.
UNMANNED AERIAL VEHICLES AND TETHERSONDES
The potential for Unmanned Aerial Vehicles and Systems (UAV/UAS) to provide essential and cost-effective measurements of the atmosphere, including atmospheric profiles in regions that are typically difficult or expensive to access, has been clearly stated recently [6] . Routine cloud and atmospheric measurements are of particular interest to the Arctic research community. Instrumented UAV's flown over Arctic regions would provide valuable data for studies of cloud processes, sea-ice processes, and changes in sea-ice volume or extent. UAVs can also be used to monitor marine mammals during oil exploration activities in the Arctic. As part of preparations for the M-PACE campaign in 2004, representatives of the ACRF sought and obtained designated restricted airspace over the Oliktok Point Long Range Radar Station. The Oliktok Radar Station (a "DEWLINE" radar station that dates to the 1950's) operates year-round. The airspace restriction, designated as R2204 by the Federal Aviation Administration (FAA), is 4 nautical miles in diameter, and extends from the surface up to 7,000 ft. The restriction originally allowed operations of tethered balloons only. Recently, the FAA has extended R2204 to include UAV/UAS operations. Figure 6 shows the runway at the US Air Force Oliktok Point Long Range Radar Station. Discussions are underway regarding planned UAV operations among ACRF representatives, the US Air Force, and several nearby energy production companies (Conoco-Phillips, BP, others) that have active aircraft operations in the immediate area. One of the authors (Zak) is the primary ACRF contact for UAV operators or scientific users who are interested in possible flight operations at Oliktok.
In addition to UAV operations, the use of tethered balloons and tethersonde systems to measure low-level cloud in the lowest two kilometers of the atmosphere is being considered as a cost-effective measurement strategy. Balloon-borne instrumentation that can provide cloud microphysical measurements has been recently developed and could be used in upcoming Arctic field campaigns. 
